A Ab bs st tr ra ac ct t Background & Aims: At least 500 µg of folic acid are required daily to treat hyperhomocysteinemia. To reach this amount by dietary changes alone may be difficult because food has a low folic acid content and bioavailability. No studies have compared the effects of similar amounts of additional folate derived from a combination of folate-rich and fortified foods or folic acid from supplements on plasma total homocysteine (tHcy) concentrations, which was the aim of this study. Methods: Twenty male patients with hyperhomocysteinemia and coronary artery disease were included in a randomized, crossover intervention trial. Patients were treated daily with a combination of foods containing approximately 500 µg of folate or with one 500 µg capsule of synthetic folic acid over two five-week periods separated by a five-week wash-out period. Results: Plasma folate increased markedly (p<0.001) and plasma tHcy decreased (p<0.001) with both therapies. Folate-rich foods decreased tHcy by 8.6% (95% CI: -15.9 to -1.2) and synthetic folic acid capsules by 8% (95% CI: -13.3 to -2.7). Conclusions: This study shows, for the first time in the literature, that a folate-rich diet is as effective as folic acid capsules in decreasing plasma tHcy concentrations and adds further support to the recommendation of those diets to prevent cardiovascular disease.
INTRODUCTION
A graded and continuous relationship exists between plasma total homocysteine (tHcy) concentrations and the risk of cardiovascular disease [1, 2] and the importance of tHcy measurement as screening test in the evaluation of cardiovascular risk is increasing [3] . Some evidence indicates that homocysteine-lowering therapy with folic acid may prevent cardiovascular disease [4, 5] and improve arterial function [6, 7] . Observational studies show that consumption of folate-rich foods, particularly fruit, vegetables and cereals, is inversely correlated with tHcy [8, 9] , and there is evidence that increasing fruit and vegetable consumption may induce a clinically significant decrease in tHcy [10] . However, as the content and bioavailability of folate in food are relatively low, it has been stated that diet is not an effective means of reducing tHcy concentrations [11, 12] and daily doses of at least 400-500 µg of synthetic folic acid from supplements have been recommended to achieve a therapeutic effect [13, 14] . This study was designed to ascertain whether a moderate amount of folate derived from a combination of folate-rich and fortified foods is as effective as folic acid from supplements in decreasing plasma tHcy concentrations in patients with coronary artery disease (CAD) and hyperhomocysteinemia.
MATERIALS AND METHODS
Twenty-two male outpatients with a history of CAD (angina or myocardial infarction at least three months prior to inclusion) and hyperhomocysteinemia were initially included in the study. Hyperhomocysteinemia was arbitrarily defined as tHcy ≥ 12 µmol/l, considering that desirable values of tHcy in CAD patients have been defined as ≤ 10 µmol/l [11] . Two of the 22 patients were later excluded: one for a transient ischemic attack and the other for "feeling ill" during the treatment period with folate capsules. Characteristics of the subjects studied are shown in Table 1 . No patient had gastrointestinal disorders or was under treatment with vitamin supplements or drugs that might affect folate metabolism. All subjects had previously been advised to follow a diet low in cholesterol and saturated fat, and none consumed foods fortified with folic acid. This study was approved by the Ethics Committee of the Hospital Universitari de Bellvitge and all participants gave written informed consent.
Design
This study was designed as a randomized, crossover, dietary intervention trial. Two treatments were used: one consisted of a variety of foods which are good sources of folate and the other of capsules containing 500 µg of synthetic folic acid. The first treatment consisted of take-away food-packages containing approximately 500 µg of folate in the following items: 250 ml of orange juice; 140 g mixed greens and vegetables, including 90 g lettuce, 40 to 60 g of a mixture of 3 or more of the following vegetables: tomato, cucumber, carrots, red or green pepper, spinach, celery, watercress, avocado, radish, red cabbage or corn; 20 g nuts (hazelnuts, walnuts or almonds); 50 g beans (lentils, chickpeas, kidney beans or peas); fruits: 150 g kiwi or 200 g banana or tangerine, or 400 g apple or pear; and an average of 40 g regular Kellogg's Special K or All-Bran flakes. Seven different food combinations, one for each day of the week, were planned. Every daily food package contained around 370 µg of natural folate from food and 130 µg of synthetic folic acid from breakfast cereals. Participants were asked to maintain their usual eating pattern and were randomly allocated to consume one food package or to take one capsule daily for five weeks, followed by a five-week "washout" period during which they consumed only their usual diet. After this period, they were switched to the alternate treatment for another five weeks (Figure 1 ).
Adherence to the study treatment was carefully monitored. Unannounced 24-hour diet recalls were made at least three-times during the study. A self-administered three-day diet recall was also completed during the week prior to each visit. The nutrient content of the diets was estimated with the Food Processor Plus software, version 8.44 (ESHA Research, INC, 2000) .
The main outcome of the study was the change in tHcy from baseline.
Laboratory determinations
Venous blood samples were collected after a 12-hour-fast. Aliquots were prepared and frozen at -40º C and analyzed within the next 2 weeks in the same laboratory (Hospital Sant Joan de Déu). Plasma tHcy was determined by HPLC, as previously described [15] . Within-run imprecision (n=18) was 3% (70.7±2.2 µmol/l) and 4% (8.9±0.3 µmol /l), and between-day imprecision (n=18) was 6% (6.9±0.4 µmol/l) and 6% (55.4±3.1 µmol/l). Vitamin B12 and folate levels were determined by radioassay (Simultrac, Becton Dickinson) and pyridoxal phosphate was measured by HPLC (Chromsystem kit).
The lipid profile included total cholesterol, triglyceride and apolipoproteins (Apo) A-1 and B in plasma, and cholesterol in high-density lipoproteins (HDLc). HDL were isolated by selective precipitation of lipoproteins with polyethylene glycol, and LDL cholesterol (LDLc) was calculated with the Friedewald formula. Triglyceride and cholesterol were measured using commercial colorimetric methods (Boehringer Manheim, Barcelona, Spain). ApoA-1 and apoB concentrations were measured by radial immunodiffusion in agarose plaques. Fibrinogen was measured by a PT-derived turbidimetric method. For detection of the methylenetetrahydrofolate reductase (MTHFR) 677 C>T mutation, genomic DNA was prepared from peripheral blood leukocytes using a standard method. Primers for PCR amplification were those described by Frosst et al. [16] . The PCR product was digested with HinfI and analyzed by polyacrylamide gel electrophoresis.
Statistical analysis
Distribution of study variables was examined with the use of standard exploratory analytic techniques. Basal and follow-up values were measured at the beginning and at the end of each treatment phase, respectively. Multivariate analysis of variance (MANOVA) was used for comparison of the effects of treatment. Characteristics of the subjects first treated with dietary folate and those who first received folate supplements were compared with student's t test for independent samples and two-tailed Fisher's Exact Test; no significant differences were observed. The influence of treatment order on outcome variables was analyzed by MANOVA with three factors: sequence (first diet or first supplement) treatment (diet or supplement), and follow-up (basal or follow-up measures) and each dependent variable (tHcy, folic acid and cobalamin and lipid metabolism parameters) was analyzed separately. No relationship between treatment order and the effects of therapy was observed; therefore this variable was not considered in the statistical analysis. For all dependent variables, percent changes were calculated as the difference between baseline and follow-up measures divided by the baseline measure, with the result multiplied by 100. Pearson's coefficients were used to assess correlations between variables. Two-sided P values were used. SPSS software (version 10.0) was used for statistical analyses.
RESULTS
Baseline characteristics of the subjects are shown in Table 1 . The homozygous 677 C>T mutation in the MTHFR gene was present in 20 % of patients. This proportion is higher than that observed in a former study of CAD patients from our institution [17] , which may be explained by the fact that patients from this study were selected on the basis of high tHcy levels.
A statistically-significant tHcy-lowering effect (p<0.001) was seen with both folate-rich foods (-8.6%; 95% CI: -15.9 to -1.2) and folic acid from supplements (-8.0%; 95% CI: -13.3 to -2.7) ( Table 2) . No significant differences (p of interaction=0.883) were noted in the degree of tHcy lowering between the two forms of therapy. Both folate-rich foods and folic acid supplements increased folate concentration (p< 0.001), and this increase was more pronounced with folic acid supplements (p for interaction = 0.005). Serum cobalamin levels did not change significantly with either form of therapy. Baseline tHcy values were significantly and inversely related to tHcy changes (r= -0.89, p< 0.001, and r= -0.57, p= 0.014 during diet and supplement periods, respectively).
Both folate-rich foods and folic acid supplements decreased plasma LDLc (−12.2%; −21.8 -−2.6% and −15.0%; −23.5 -−6.4%, respectively), HDLc (−5.9%; −10.4 -−1.4% and −2.1%; −6.9 -2.7%, respectively), apoA-1 (−3.8%; −11.3% -3.8% and −0.9%; −8.1% -6.3%, respectively) and apoB (−6.6%; −13.0 -−0.1% and −4.8%; −9.4% -0.3%, respectively). No significant changes were noted in serum triglyceride, glucose, and plasma fibrinogen concentrations. A small, but not clinically-significant decrease in body mass index was seen with both therapies.
Daily energy intake was similar with the two interventions. Protein intake decreased during the period of diet therapy (-8.3%), and slightly increased (1.8%) with supplement therapy; the difference between the changes induced by both therapies was significant (p= 0.025). Carbohydrate intake increased with diet therapy (10.8%), and slightly decreased (-2.5%) during supplement therapy (p=0.017). No significant differences between the two treatments were found in the amount of total fat and cholesterol intake, whereas fiber intake increased more markedly during diet therapy than during supplement therapy (39.3% vs. 2.4%; p=0.018). The absolute dietary intake of B vitamins during both treatment periods is shown in Table 3 . The intake of folate from food increased significantly with diet therapy, but no changes were seen during supplement therapy. Vitamin B6 intake increased (p< 0.001) with both interventions, but the increase was greater during diet therapy than during synthetic folate treatment (p for interaction=0.017), whereas vitamin B12 intake did not change with either form of therapy.
DISCUSSION
This study shows for the first time that a moderate daily intake of a variety of folate-rich foods is as effective as folic acid from supplements for lowering plasma tHcy concentrations. A high percentage of patients with CAD has hyperhomocysteinemia [17] and low folate intake with ensuing low folate serum concentrations is the main cause of this disorder [18] .
A dietary folate intake of 350 µg/day is recommended in the general adult population, but most persons in developed countries do not attain this daily amount from diet alone. In Europe, mean dietary folate intake in adults is 291 µg (range:197-326) for men and 247 µg (range 168-320) for women [19] . A reasonable approach for increasing folate intake is to include larger amounts of folate-rich foods in the diet, i.e. leafy green vegetables, fruits, legumes and ready-to-eat fortified cereals. Such an approach was used in this study by supplying participants with a moderate amount of folate-rich foods providing an average of 500 µg folate daily. This dose of folate was selected since it was higher than the minimal effective dose of 0.2 mg/day found to decrease homocysteine (20) , and higher than the mean dietary folate intake in European men, but not high enough to be attained with a folate-rich diet.
The toxicity of folic acid is extremely low even after prolonged use of high doses (21) . It has been shown that folic acid in doses between 0.2 and 15 mg/day can lower plasma homocysteine levels without apparent toxicity. A main safety issue is the risk of neurologic disorders when high doses of folic acid are used in the presence of an underlying vitamin B12 deficiency. However, it is customary to rule out vitamin B12 deficiency before giving supplemental folate. Once folate therapy is initiated, it is usually maintained on a long-term basis, but until results of controlled clinical trials become available, no firm recommendations regarding that therapy can be made.
Owing to the relative differences in bioavailability of naturally-occurring food folate and the more bioavailable synthetic folic acid, 100 µg of natural folate from unfortified foods has been equated to 60 µg of synthetic folic acid from fortified food and to 50 µg of synthetic folic acid from supplements [22] . However, studies comparing the effects of folate from food with those of supplements on tHcy are scant. Brouwer et al [23] reported that a diet including 560 µg folate per day decreased tHcy by a mean of 2 µmol/l (95% CI: 1.0-3.0), and a similar effect was observed with 500 µg/day folic acid from supplements. Ridell et al [24] reported that folate from both supplements and breakfast cereals had a greater effect on tHcy than folate-rich foods. In a metaanalysis of randomized trials that assessed the tHcy-lowering effect of folic acid-based supplements, a clear heterogeneity among trials was also seen and was not explained by differences in age, sex or duration of treatment, but by differences in MTHFR gene polymorphism or pre-treatment tHcy and folate concentrations [13, 25] . Nutritional interactions that affect folate bioavailability may also have influenced the different tHcy-lowering effects of diet therapy among studies.
The design of this study -an outpatient crossover feeding trial -entailed some difficulties in ensuring compliance. However, these difficulties were partially offset by detailed dietary instructions and reinforcement at each visit during the trial. The amount of fruit, vegetables, beans, nuts and breakfast cereals given to participants fits with what could be considered a reasonable usual daily intake. This contrasts with the higher amounts of folate-rich foods that were used in other studies [23] . We were able to use smaller amounts of fruit and vegetables to supply the 500 µg folate per day because other foods, such as beans, nuts and folic acid-enriched breakfast cereals were also included as a source of folate. This type of diet is easier to follow on a long-term basis, and may be useful in a general population approach to increasing the intake of folate.
We observed a decrease in LDL-C during both the folate-rich diet and the folic acid supplement periods. The increase in intake of fruit, vegetables, beans, nuts and breakfast cereals during the folate-rich diet could explain these lipid changes since these foods have a cholesterol-lowering effect, both for LDL and HDL fractions, owing to their high carbohydrate and fiber content.
However, the decrease in LDL-C during the folic acid supplement period cannot be attributed to the small dietary changes observed. Possibly, the closer physician and dietitian supervision promoted a healthier overall life-style resulting beneficial lipid effects.
A meta-analysis of observational studies of blood tHcy and vascular disease indicated that prolonged lowering of tHcy concentration by 1 µmol/l is associated with approximately a 10% reduction in risk throughout the range of 10-15 µmol/l [26] , and that the benefit of decreasing tHcy is greater in patients with CAD than in the general population [27] . In this study, folate therapy from either diet or supplements decreased mean tHcy by more than 1 µmol/l, and this effect may be clearly beneficial for preventing recurrences and death in patients with CAD.
CONCLUSIONS
To our knowledge, this is the first study in the international literature to compare the effects of similar amounts of additional folate derived from a combination of folate-rich foods and fortified breakfast cereals, or folic acid from supplements, on tHcy concentrations. The results suggest that diet is as effective and feasible as supplementation for lowering tHcy, and further support the recommendation of diets with a variety of folate-rich foods for lowering tHcy and preventing cardiovascular disease. FIGURE 1 . Diagram of experimental design Table 1 . Baseline characteristics of the study patients.
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